The reliability of network topologies is an important key issue for business success. This paper investigates the reliable communication network design problem using an iterated local search (ILS) method. This paper demonstrates how the concepts of local search (LS) and iterated local search can be applied to this design problem. A new neighborhood move that finds cheaper networks without violating the reliability constraint is proposed. Empirical results show that the ILS method is more efficient than a genetic algorithm.
Introduction
For many network and internet based IT-applications the error-free operation of the underlying network topology is a key issue for business success. Also, the ongoing integration of IT-systems along the value chain requires high-speed communication networks with low failure probability. Therefore, the availability of communication network topologies is an important factor of design. During the designing process, the designer tries to balance the investments made in the network with the services and benefits provided to its users. One important service measurement of network topology is its all-terminal reliability. This is defined as the probability that all nodes in the network will remain connected, given the probability of success/failure for each node and link in the network [1]. The network design problem dealt with in this paper focuses on choosing those links from a given set of communication links, which minimize the network costs under a given network reliability constraint. The design problem itself, and the calculation of network reliability have been proven as a NP-hard problem [2, 3] . In the past, metaheuristics were successfully applied to the network design process [4, 5, 6, 7, 8] .
It is known that the calculation of the all-terminal reliability is the most timesensitive part of the evaluation of the problems solution. Most of the existing heuristics for this problem require a considerable computational effort in order to evaluate several solutions. For example, population based metaheuristics such as genetic algorithms (GA) proposed in [4, 9, 10, 8] perform a high number of reliability evaluations in each generation. In this paper, we investigate a random restart local search (RRLS) and an iterated local search (ILS). Both methods need significantly fewer fitness/reliability evaluations during the optimization process. For the neighborhood search we define a new 1-by-2-move which minimizes the total network costs with respect to the reliability constraint in each step. With the application of this local search strategy in an ILS, we are able to overcome local optima found by a local search and converge into global optimal solutions. In the empirical results presented, the RRLS and the ILS are compared to a GA using a repair heuristic. We show that an ILS finds optimal solutions with less computational effort when compared to the GA approach.
Problem Definition
The work presented here investigates the reliable communication network design (RCND) problem. The challenge is to generate network topologies that satisfy a given reliability measurement while minimizing network costs. The design problem has been proven as NP-hard In this paper the communication network N is modeled as an undirected simple graph G(E, V ), where E is the set of edges and V the set of vertices. Each element of the graph (edge or vertex) represents a link or node in the network. It is assumed that the location of each node is given, setup costs for network nodes are not considered and that, for each possible network link l ij between node i and j, cost c ij and reliability r(l) are known. We do not consider repair of failed edges. It is proposed that nodes are perfectly reliable, and edges are either in an operational or failed state. The failures of the edges are statistically independent with known failure probabilities. The reliability of edge e ij in G is r(e ij ). A network N as a solution for the problem is represented by subgraph G N (E N , V ) with E N ⊂ E. The objective function may be stated as:
where C(N ) is the total cost for the network topology and c ij is the cost for a network link between node i and node j. The variable x ij ∈ {0, 1} indicates whether edge e ij from G representing the network link l ij exists in G N .
